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lilrtdiittivn 

This moduk is the sccand in :i series of Extension materials 
ilcBignedlopravitle pertinent information on a v^arictyar nutrient 
managernent, water man^ementnanJ water quality issues to 
Extension agentSn Certified Crop Advisers ^CCAsK consultants, 
and producers. We liave included 15 Questions at the back of this 
module that will make tliekaming ''active" as well as offer the 
potential for credits for CCAs in Nutrient ManagEtnent (within 
the ''Plant "Nutrition" and "Soil Fertility" competency areas.) [n 
addition, we have included b resource section of other EKtension 
rrkaterialj, books, web siteSn and professionals in the field, 

Obietlivts 

After reading this modulenthe reader should: 
L Know the 17 elements essentia] for plant nutrition 

2. Know the macronutriEnts and micro nutrients 

3. Befamiliarwith the function and mobility of nutrients within 
plants 

4. Understand the f onus of each nutrient that are taken up by 
plants 

5j Be familiar with typical nutrient plant concentrations 
6. Be able to specify how nutrient needs change durir^ the 

growing season 
7j Understand the basics of nutrient uptake 
8. Know the basics of how nutrients are held or released hy the 

soil 
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pUntK i^L]ijirt^ 17 nuCritlnEs, aL^CJ^Iki] 
"tStt^ntUil dlumtnls" iMarSChntr. ItftfSf 
Eju:hnulTitjntz]!i^lKUv^LlhtLLfrerent pLinI 
functioni Ihal alLow Ihc plant tu^ru^' LtnJ 
n:pruiIiJCi.\ E^ich plant nuttient li ntitjikJ 
Indlffyn^ntQtTiuLinli by Ihii plint, nnJ 
VfirLirl in huiv mubilt^ Ltii within Ihc plant. 
It Jj useful tu Icnuw Ihe relatLvt^ iiniuunt& 
Dfedi^hnutrit^nt thiit l) nt^nikil byiii!rup 
Inmiklnfi&TtilLZt^fTvi^uninurniliiliuni. In 
QiUlLtiun. unduriliinJi replant Hinctiuni 
and mubjliti'^vLlhin tbj plant ihuuliJ prow 
Lii^ful inUii^nujin^ nutriL^nliLelViunLlLiri. 
FdcitLir^dfft[:[£n^!iuilli!rl][lty^re3l50 
impDrlanl In making suunti nub"Li[nt 
managtmtinlikcltALiins. dnil aftr dij^usk^il 
inthe Sttlunti hrctiun. 



Plaiit Nntn'tiQii 

Therv art uivr lUt^irhcmii^iil tltmtntifc 
>vMeit^nt]itil^\n^ iiumJ Ihat unly 17 of 
thtrm are ciii^nl^tLl ftjt" pJant gnM'th {Tdblti 
|i Tote Lila^illVd jftc^it^ntitil, thtr t!k-nit£nt 

ntt^iis tijniLi^rl iht lulluwinjjiintirnJi' 

I, The plant i^nnut LumpUrtt^ Ltj liA^izyvlL! 

(jiet^tlUj nisv^ 9t:tl4lf without II 
U/nttlenKntt function tdnnuibi 

TtpJoiiLiil by anutltr^^k'nuint, 
"J, ThtirltntL-nl isdirtrctl^ anvulwd In tha 

plants gnfhi'th and nrpruluntLun. 
4. Most plants ntrtd thjs t:ltnii^ntlD 

hurvlvt^. 

Thi: touhthiJrlbirinnliuKdbdt:^!]^!: 
hjnie ^pEiLltliL pidntb Kdvtr ttltn IbunJ 



Table 1. B&e&lial eJeaenL role in plani, and lource. 
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to nti;t[ci:rKi]nii[tmi;nti.FcJr example. 

whL^nUrmvnun hij^K wt^iithcr^J l4Jlh. 

In jJJjtiun, LUbiilE (Cof li rtjiiuirt^J by 
boLi^rid n^i^unjIblL! &jr njCrugynfixatLun 
In k^umci; thiJ^^^&_^R^ ^mc i^uniLikr Cu 
lutv ei9t;ntidl.^'hJleuthi:rs LLa^iLf^' lI 
Z19 ^btntficiar. 013^ r benefi;]al Kldratnti 
iruiluJt: AOJium (Ndf jml%'3n3t[LLUTi |V|. 
L!jMintiallt>' iigemrcLllyikli^TTiuTitstL by 
^riM'ingplanth In nutrldnt JrOlutiuni 
v^'ithurwithHJutii iptiiifktlUniiinJr 
zind ubhrrxnngdiflkreruiei in pLint 
growth Or fLincbinn. Qe^rLnnunil Ihal 
tht Ji^IiiirniiniiliCsnirf i^s^nlidtily El 
prublEiraiitiL: rurtltrtni^nts thatraaybt 
nrqulrviJ inunly trJinr atriuLinli, dut lu 
Ihc iJjEfiLiiLty in IwcpinglilLof ac^rla^n 
tTiiLe ^Jtrmtnl out uE llw ^irJ-nutnirnC 
kilutiun. iripcLLlill^ v^'htrn plant hruds haw 
iubstiLntiiil Jimuunt^uf mUnyt^Lirnit^nli. 
Uiiir tulhlxl^dL-t ithiuftilbltj thatuthur 
tilirmL'ntitsitntLaJ &jf gnfA'th^'lll be 
diS^uiVfirJ L][ aunit^ putnC 

AliniLtiriJ iuppl^ uFonb! ottlv^e&^ntLLi] 
nutrients d^in limit crop ymkl, dJthjjL^ 
olhtLr ^lors Auch^i) ht^citorw^liiri^iin 
alio limit !ik1J Tht: CofWtpt Ihist Onfr 
fd::li ?r will gtntrJilly limit yitltl, ortht "law 
Ljfth^ minimum'. ia itluitr^Eiiil in Tcguni: 
1. h'hiTii Ihtr htjghtofwibir in the bbrnil 
Tiiprti^ntl Crop ntrld. E^ientu^lly. the 
figurt: 3lTiM'3 that nLtrcgdnis InLtt^lly thi 
fsU:tL^ thill hmltiyi t^ til iJi). but dflLrFJE^ 
added potJj^:^lumk\-elii:i:niUnl^-]iilJ|b). 

NW^ONDUL IfUTROTT^ 

Thmt^dcnitrnli, L^TbuntCf. h^On-g^n 

(Hf-HnJo^i&rnfOl.ireiiLpniLiknriJln 
bt! nun-mintrrlil nLitrLirnli fxirautt thty 
are dcTLvvd from air iindwat^r, mthtrr 
than from mjH mintrit*. AlthLiughthtiy 
rtprtrwrnl [lppro^J^lilltly16*^^ uiplJint 
biomil^a. Ihtyare gintrJilly given litllt 
attention in pljnt m^tritlon b^e^u^ tti£y 
are alwuvi In suf^cjent Supply. 




FEgure 1 . The law of th^ minimunL 
From Brady (19S4) 



Table 2. ih&OTbeil nntrieni jormi aad 
tont«n&atiom m fti} plant liHoe. 
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g^neiaili aiipl> only 
N,P,andK-WhyisU 
iniportaitl forme 10 
learn abool Die otbei 
11 mineral nnlTinin? 

lA Eiuncriil nutFKnt^LUT tiihi^fi 
upb)' tlic LTop UnU Lh^n riirncri^d 
^jin LbL HlIl] dt hiiTh-L^t IIUil^- 
HiitFiU r^b OTi: iwT Tc pticcl b^' 
CiEhtr Li>mniL[EJiil t^rbJiZtliS 
ur Lir^iisriL lOiik rb^ iUi.b ^ 
nUinun! the afnuUTiLchfildch kit 
Che N.ihLhVhUL]tLn!Li3tL pitkntj^v 
lirruLm^ k-np VilM tn MoriLiina 
iiftal U>-u4Tui]^, IhtnLdiR knuwn 

AdcfkhncTta-EEv biLnvm^ Die 

llfcLC^LylbrlL] yitu^ldin IxLttr 
i||flpi>ti!*l! Einii T4iriietly crop 
DulniLEiL 4\l6l bC iutIk^, 



Ifniiiii: 

1^ 14 nilnisril 
nutritntSirt ckSiifiiiJ 
Qs yttJxr truwirunutratinti 
ormJcronutntnts 
btiitiilun thLiit" plant 
ryL|ujn^mt!nti Thtire 
QFi! iix n^QL'tnjnutrientj: 
NitrLgtin (N), ph^j^phurus 
(P).rulaisLum(KJ. 
LTiiJLLijm (t^j, miignysiLim 
(MgJ.inJsuJfLir iSl, 
The macronulrliints, 
tJ. P. anJ K. are often 
c:l.iKiLfieLl ah 'pnnicin'' 
macrunulTLEnti, becauSLs 
dtifiCLi^nne^urN P.anJ 
K art! ratjre: Cummun 
tlun Ihe 'SECuniin'' 
maCRjnulTLi;nt&, Ci. Mg, 
and S. iht! rolCrOnLib'iEinth 
ini^luJt: b:fftjn(fS], 
Lhlunnt! (fij, dupivT (Cu), 
iTun |Ft). mangiritrie 
iHnj, molyhJi^num 
(Mui, niekul (NiJanJ 
zinc iZnl, Mustuftht: 
moCnjnLLlJLLinti rupruiunt 
U.l -5'ft.orHH)5DUU 
pirti pernillllDn ippm). 



ufdrj' plant liiiut, 
whirrvas Ihtr niJCrunulrLcnb gcncnilJ^' 

£iijrapnsektjthanlH)i5^s.Ljr:5n 
ppru Dftlry plisntlitjut! ('Ikbltr 
U-prtVLOoH is^f.Nult IhislCt, a 
mjCrunutrLtint hii ptjnl b^iik: 
L^ntltntratLuns limlfir luiumiiuf 
Iht mdCrOnulntnll. Kilti>lnni]nLl 
Ihist tht clliiiKfc^litini ijf rajcm vi. 
raaCrunulTLtntrefrr Id plant nt^tldl 
riilhtLr llun pbntuplaktr am^JLintl. 
E^h ni^tridntcliinnot b^ LiktLn 
upb^' plants inlt& et^mi^nQLur nun- 
i:hatg^il Eurm, biitlnili-jil li Uiktrn ut 
Inan'iuniL', ur izharged, furm ('J&bk 
^'iththtr uXf^^ptLunuEbuTLi: acuJ^'hiLnn 
Is unLhargtiJ Muitfkjrtllli^Ti are miuJe 
upijf aiTumbinLil^uniulthtrhr avuilalde 
nutrient ^mi, hjwhen Ehi^ &:rtllt?i=!r 



dlsiol^i, [hi; nutritnHcankimmtnttiitely 
ELV[i]L[ibJir lljf upbihtr Knuwing^'lul fumi 
ufii nutn^^nttht plant iOsurtsi helps 
uitu tvtttr (ijcLii univhatiTunCruls Iht 
muwnitnl uflhat nutrient tn ilhL 

Plaiilliulak^ofNnliienli 

tJiJintnl uptdkii ti>' KutHl itikiKtidetil 
unboththtiubilllyof tht: rooU lo^bturb 
nutrknts and the nutritntiruncentiiiliun 

it tht^ sLirfin^iruflhtrruL*, 

Roots 

Ruuti ^n conipu^ J of huth d n^ciEure 

Ajnk^ ntihir thu ^hout. jnd an "elur^b'on 
Ajnk^' ntrarthtr routh'p, urtap (Figurt !?1. 
Nolnt^nU fLnJ WAler mow rhfth' thfuugh 
till ht lung] tLomioHi: iniolht: i:enlKt' uf 
Iht rOOlUhfcLXykn^J.and thtrnupLnto tht 
hhooL It II more ^Iffkult Idr nutrients tc 
dnb^rlhtL ruul thnn^tht! ra^jftr nbiluiL: 
5DWdf Ihi: ruutduu tOd reitricbuni;d[lt:d 
a'^CaipdrUin itrip". ThkirtlbrK, nutritnt 
kvirli LndttpiOil tiktify tecomt more 
important Ihibir in the grO^Lng^E^^iUjnj 
tisptcidlly ^ d^ep-riJuteLl pldnts. Huuts 
ipfvdd L?Litbuth labrrdLlyaml^vrtiLidllv Hi 
thtr pl4intgnAVb Codiki! ^^'antdgt^ of artitii 
^^'ithintht lo^l thathavt mon: water and 
nutrients, 



CAjparrian Strip 
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Figure 2>Croff-5ect]Dn of lower 
portion of root 
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Nirmiea N"iaiiiT v/nw tm: plutt 

All nulntnlj tnovii r^l<lh^'tlyeJllj]y 
frum tht ruul lu thu urmvlnfi purbtjn of 
Ihir pJtint thrui^hthtr iylt^m, Inlt^reitingly. 
kimi^ nutncnCi L:4iniilHinH>vt^ Enjm 
uliLer Ltiiavti lumiM^r Iti^vi^S lElhcrt^ i&4i 
iJt!tiLli:ncyjj£iKitnLiljiynt Knuwing^'hliih 
nutrients are 'mcjbilt' u.t!,, ably tu muvtj 
i& wr^' uit^ful inillci^nLiiir^pl^nt nutrient 
iJiitiLLirncji^i bti^jUHT jfunlylht ]OhVCr 
I^Wtaririil&LteilH llwnii mubiJi^ niilJiL^nt 
~\i mtj&l likely c^uiing tiw iUrfkiL^niiy. 
CtinWrSKly. If only the upr^f Itisves shtM" 
IhtLilLSf^KnCy, Ihfclnthtr [iLinl lA llki^ly 
clE^Eu^LtLnt in Jin ininiottllt^ nutrient, bei:3LUt; 
IhistnuIrlfclntCjnnLit mow iruro ultliirHj 
^K^vfc:^lei^t^. 'Jtihli; 'd liHa thtr ?i]X mubili^ 
^ind t:[^[ Lmmubtlc minerjl nutrLiinti 
Sulfur tiunk: diJmiinE tkit Fn^s tetwetLn 
rac^k iinJ imniiiibLltr dt^ni^nCs dtspentLlng 
on Ihii ikgrrtr ofihfkitncy. 

Tdid»& ts NiTHiEri Vpoke 

Nulncntupbiktr Jlji^^ nul nef^jf&lnrlly 

match plant gnjivth. Furtxamplt, w'hen 
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Figure 3. 
Accumuralion of 
polBS^SuiD (K|. 
nibt)gen (N), 
phosphor U2 (PK 
and diy omtler 
{DM) in com. 
{ From Foth and 
ELUs 19971. 



Cum biOmQai nrpi\^nli ^^% uf itt lulnl 
nuture In^tndi^s. it hijs aci^umublt^d 

appFC4LLni;ittly lIHJ^aOf LtiFniiluFi: K, 
70^1 uf Lli N. dntl 55-4] u( ith P (Figure 3). 
Thiireftjre, supplying surtwitint li and tJ 
LArly inaerup'igtiM'ing ^d^ijn lA tiitiy 
mort impDrtantthiindunngthtr rajJtIk uf 
the ^iM'infef Miifcun. Hort'tiwr. late in the 
griM'ing fctJiWjn, nuUitnttiH^CumulaBi m 
the grJijn rather tKinmthEftivet or sCilk 
ThijnLlorei lale ^^sc^ nuliii^ntappliLatii:^ 
may incfvjitr buth ijiuJitv anJ grtan yield 
ir other pLunt r^quLrentuntianr met ^ULh 
ass^'ater. Kuri:Jtinip]t!, nltrLgtrntupdnjiiiJ 
at tillerir^ has b^en ^nJ tu irwnd^^^ 
buth ^'elJ LJFul pnj&rini/ IV Inter ^vh^l 
gnjwn [nMuntana tf&pect^lty Lit tuw vJtl N 
kwlifLirbet^t-i^tiil.. !!«««) Theftrllpfv. jI 
15 impijrtanttu understand nutrient nti^J) 
^nd btnir^uEnLitT'itintupldlw ^ e^iih 
i^njpthfll yuu'nr^'JJ^hlrg^vilh. Stt the 
litfcruncei, Buuki, arel W^^b K^^sou^lelal 
the tnd irfthiH mtxiult: fur somt! reBoureti 
On itjnie j[Ke:]fit: Lropa. 
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suU reTimiy 



In the pn!V]uaii:hii;]^r, lEw^^ puLntL^J 
out thatniitrit^nt uptiktf l^ilepcnJi:ntun 
buth the plants Lsbiht^' tudh^rb^ niitTiLint 
ind Ihe nutrient Itwl iat the ruutiurfate, 
Must imlj haw ftirmunr nutnents than an: 
net^deJ b^ a pLtntin a gru^ingseikMjn, ^i:t 
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0&A''2 

iBhavencilalive 
(liargci? 

Gd tkyiLrJ^litIhti;&i& Jut tu 

Mui.b uf ih\L ntg jEIivl L hkifgt 

xuib A>Mg ^ [t [jLKbriNLJiiLr 
iiolkiilb^thira iVl-^wiLhln 

Lhiirgcit luii hjr ii Lirgtr 
nfurgKcl Kjn^i^rlng rurmutjun 
of UiL^ latnt Flit 1l jftM ii ikL 

kic^jtiyl: charge oh [hc !suM 
PiIfU^^Il Ihc m^lodJ ^urtv uf 

IhU n^^ubhT ^hoT^c [^r^JTiaUls 
w tic n a Lyt^r ^iJL'dttL p;u~LjClc 

Ifaal An^ EiHJ^Uy ntgiil^^Tly 
iihiirgkiri]. 



otenwrylllrit oflhL-ltnutrJtintiart Tn 
SulLiliijn. Thii 5L!i:tiL>ndL-^rllxS Ihtr f4i4:li:ff"i 
thfltLifiti:tniJtr]yntLua_entrLiliuni m thLi 
SlhL ^LulLun and ir^pltLin Ihe pn-^^iuf 
tiLM' nutniinCi anthtr tml 5uJul]unnii>t 
ttJfc^'ird thL! r_ot. 

Tfgiire 

Suil Ititutt. Cfr (he rfilib'vi! 

^mOuntluf^nJ ^Lll. and cltly, 

pliiyh iviiry ]mpjitdntrolK in 

pliint nL^liiQon Juti to its \^ikct 

dntht ability luniitiin bolh 

wAh-r unJ nutrit^nt^^ Suth arC 

cId&iiJiirJ jntLPh^jLtuTBl claim si 

by lht!irpLTi!iinlaay4ufiinJ, 

jiLt anddLiy lFigijre4Kr4u(« 

thfltLiKj|lwjth:^l)^>i:lavani 

A^'^i} ianJvi-uulJ ht: eld&iifiirLJ 

HizL luam, ^dnd parl^LlLisi ath 

snidllbjT thun 1' miJIin^i^turx Ithir thuzlcni^ii 

of [i niizhtl) anJ Jargtr than «.U!i mm ('A 
thtj thicknrisi uf ii pit^Cc uf 
Piiptrf JinJ Iuvl: Miry IiHIe 
dtnliiy tu hull! wdtfcir or 
nutritinti dm^ to tir^ pdrtf 
5]]ak:iii bttwtstin fartlcltii^nd 
liw jurfiCt area l^unvtritly. 
clay ptirliclltrb jr4^ bmallt^r 
thany.1)1):!m1tl1niirKrj 
dmi^lb1eluthen^Jt!)«|i 
:inJ(!^n hLiliI brgi^ quantititil 
ufwdter anJ nuIrjtnCa Sula 
diJtniniilirJ b^'i^lay havv 
small junri IhdCpftivi^nt 
WiiliT frijniilnLimr^fivLily 
4ind tuvt u^r^" hi^ hi.irf;iL:tj 
4in^&. ranging iipluMU acn^t 
p^r pound uf^j^]. Thi^ h^ 
SLirfjL:^ LiT^Liguv& nutritintk 
nuniLTUus bjrv]jngp1:iC£&H 
^vhjch t* piirtuEth^ n^iiHjn 
that Rntr ttitured lujli hi^t 
nuch h[gh iihlltitrb to rtLlaln 
nutritnU. l"hi ^Curul rtahcm 
uthdtt:lay^are uften madt: 
U17 erf tnLnerdh thtkt Llvir ni^t 
clkii^-iun th^ii burfiH;t^s 




Figure 4. TcxturaL tricuiglc EhowLi^ tho 
nmge in ^and, JtLt. and day Tcet cnch soil 
texturaldius. 

CmW UD jblON fADEKNGE (APAOn 

Slifiut iOtl purticki c<ilkil 
■alLimjiiU^LlicatFs'.ur'lJl^^rhillLali^V, 
hii^t: <i ni:^ti\t c:hzifgt: thai <iltr;u:t^ 
puiihwlyclkirged lun^ (c^tiOnKf nuchas 
dmrnunium \UH^ ] intlie siimE WiV that 
hauiK^ttrdC.'EiUllD^ balluon. Other suU 
ptirlik^leMucha!! lion hitlmxidf^b (e.g. 
nihlf. hiik^ pusitix'tit^hiiniiji that;inr;i4^t 
itS^tKtlychlirgtd loah iJiniun^l, auchas 
lul^b: (bO/j. buikgitrujriillvkivt: much 
highfciriimGunthiifthti luvtir KllLc^tet 
Ihan tni^bl h)ilruHLiJei: Ihenrfore, ioiIe 
S^ntTiilty haw a "ndt/ or bottom line, 
nt^tivt Lhargt!, 

Thi=! EutLiI ntrgativi^ Lhargtrun 50|1 II 
i:atkdthi=! 'i^liun ifXcEur^ irdivuiiE/, or 
CGf and IS [i gCTjJ m^aiLnv uf thy ibiltly 
uf Q lull lunrdnnand ^uppty nutrient! 
lua Crup, Sunit ti'ptcal vatmr^ uf CGC (ur 
variuui «jtl t^Jttundi art! shuwn inTably 4. 

NuQ CECii typically eiipnrtied In 
lem]^ufmiirit:(|ulv^lt:nt5 lurmecDof 
™Siti\'et:haKgfc:MUU£uf hjil. AroEiqsi 
eyudl too xl1H"chisrgtsr therefore, a soil 
withJi CEC oft roeq/lnagrnEiiyis that 
Ifeniart lixllH^ n^^jiiilivt iihargtiun KKf 
^1u:;L^lb.lof suiLThis isax^rylarjie 
numt^f. but Ixcaust: dtomtwtijgli to 
lLtE[t.thihU.2:!lbofsuil^iJuldonlyte 
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Libli: lu hulJ 1).«33 erami or fl(HH« uuncei 
uf luJiLim luni (IT^njf thtrwti^tuEa 
iliiniliirilpii]]t^rL:Llp). ACJiltJLilxnvLihuul B 

huliJ nutritrnlcatiuni. which imiludi^ Ca^^, 
Mg^K.NH, .Cu=. Fti=.Mn-Mir>INl\ 

Soila tlintart: high int:ljyaener;ilh' hai^ 
higher CEtJ^-aluei.dllhuuahtlTtrti'peuf 
c!ldv am tubiUnti^lEy affticl: CEC. NuErJtLnU 
Ihi^TdFi^ htflil b^' Lhar^s On Ji hJil Jirt 
tetTQKti'tiJw^ltingrabtt' Soil testingtNW 

nutrients, huch^s K, bei:£]Li!K lE hiiK b^^n 
ruLiml Ihiil £)!Cl\in^^b1e nuliii^Qtb hrn 
zi^^jabble lupl^nlA ^QtiA'lJ). 

bulls alun havt IhtL dbiLE^' lo hotd 
anTons. ThTi ability' is itnutdtht "iinitjn 
tixi^hflf©: i^ipairtty'. ur AEC. Thy AEC 
i& generally inidllbjt- than Hh^CE^Jh but 
Ti highi-'nui^h in musl ^ulli lohuld 
iubsliintial dmounli uf i^jmc nLrtriynt 
anluns itiL^h as SO^ -, 

lluiNKKmBE 

Oigsrut! nuintr like LUy has ^i high 
J^ur&u:E^anLHianL]d lugh CEl^ nuking tt^ 
EiXi:t;lltrnl bupptit^f L^nulntrnh tu ptanliJn 



lalile 4. ration Exchange 
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JccuninuSiri, It relt^a^df 

nutrit:nli thatiirL! txjLinJ 
in tbt ur^nt^^ iruiter's 
itrtiL^ttiTV, i^iHrnlially 

imrtatinga sl^j^vrtilirdstf 
F^rtiliar 'fht: CECuf 
orginiiJ tTKiiliir t:in be ^^ 
highJih:;l5nMLt|/l(Kf!J.a 
much higher valut: than 
lort!lisy. Htj^^'euEr, thtr 
CECLrfor^niCmattKf 
drijp^ subEtantUjIly as j^-l 

Inthi FullcM'ing sttltion. 
Oj^niiJ roailtr tan alitj 
huld large LiniuunEi 
ofwiibrr, whiizh hilps 
nutritrnEi n]0^ fnjni iOtl tu 
pltinE ruuti. 

PH 

ThL pH u( H iOil Li 
a measure or the lOsl's 

aCiLl]t\'. en h_^^rugen 

(H^jcunCEnb'iboa By 



Figuro 5. 

The effect 

of SO]] pH 

OD nutrient 

availability- 

Thicker 

bars 

indicate 

higher 

nutrient 

avalLibilily- 

(From 
Hwftetal., 



nuliienl availabiUly? 

Scdt^withb^tiCE£ft 
bcA'A DUMV [Hril li^y ch^Ed 
nhitrknli i^uLh o^ C^Ei'-' Uhlj 
m^hl thinlr IhliL fllhc ^Tl 

bMjklJne.^ir btnJifq: the 
nhilrlcnLs. that tKdv tinj nM 
JhTiuliibh: kHf liifit^ lllJwtvt^^ 
Lh^lt^ lillr^L tjonn imJ Wt^iiki 
uLl4 r^h inE lin i: K^hjngi: iKki^t^h 
D^tntfils In LhL ^\A ^iluLua Ami 
nuln^nt^ on \b^ ^?|l ^ria^f , 
4D £fr nu Itk Eit±L lire rLmj^^kJ 
biJrrl A^lutT'jn hy j fil^nL hv-kv 
hliAiL' IIk kolL burFi^^ jind ^ukr 
^■IuInjh LtniiF^ly^ thLre tin: 
Duriy imin: n uti w n 1^ kiLtdi hckJ lj> 
Lhi±siH| UiLin jn! rhii^lLitH>n. !ffJ 
thai tllth^if^LiihlL nutiKnti iis^L n 
mu^h ttctLi: r nitinuh^ L^fa^'dJ]afaJL 
nulrKntA Llun^^lcly nuL^Knl 
^UDChLnlnitJunl in ^lutlUEL, 
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Jtifinltion. pI-f=-lce|H-|.wlx-R: |H-] = 
Hxr hyrlruijrn iunturK:ynlJiil]un Dtirauwr 
ufihi nt^^tivv iign in ihi iklinitLon ^r 
pH. iiLLilli: 5u]li hi].\^ ]OhV pH vtiluei Unl 
aLbtiim uth hav^ high pH It^wJi. Suil 
ptlaffei^Islhir aviijljbjlitj'ijfiilluflhtr 
nutrii^nts (FigurtSf. KuK tijmplt tCipp^^f. 
ifUTL mlan^niLittL. nic:bel. and Ztnc jrti dFl 
racfft ival libit Jit lort" pM kvth thatidl 
high pl-l [t^h btLldusi^ tntUls dft^ buimJ 
%try lighllj" Bj Chi= 5LnlureX]St]niol]J 
m^nkiralidl high pH. Cuawrsi^ty. Chi^ 'bast:' 
ubcml (Nii . K . Cj -r Mg -] iirt buund 

Ofih^ aurCitieiOLl, t:5peCLitly.itli>A'pll 
IherefjTt. Ihiydre Itra^ J^';Llli>bll; Jil li>v 
ptL InMuntiLru and Wyuni]ng, Ihtriv 
^K nuiny ^Ih with pl-l Ltrvvh abow 7^^^ 
dxTirl^jt^, tht^re li<i hcghiT Lilft^Lihuul lur 
I run. nur^ni^hr. niLki^l. L:up[x^r, lin^, iind 
phoiphums iJyfkLtrKrit* than m sQttia with 
liAVi^r pH vtikxri. althuL^ikrJkik^n^Lt»ut 
Ihir ni]i:iymjtrLtnliiirt nuCuEbrn ubiirrwiJ 



TlvupllniLini pN Appear) to be near 

pH 7_ but ki!tplnni]nLl H^ti^itryiirOp 
hiiSilifti.Tirnl nutriunt mrtids, and htni:"^ 
upbrnimi pH iLivtls. ^''ijr trample, i^viit 
ckisn^rhiii btL^nHjunJ liihavt^ miiUrnLmi 
I'Ltliis nedfp]-! 7S, whenrds iij^'bfjni and 
tiomgru^^' \x.^t n^Ar pH fi.B {Ji'irthflntl 
EtiLs. i^jy?). 

LtMtr pH gc:rM:riLl1iieaL^h[^ lovvi^r 
CEC. tvcJiuMi the h£ghfc:rconct[nU^atiLin 
ofH lonhlnKtlutJiJnwill ruub-nllzt: Ihf^ 
ntr^Crvi! thirge^OnLljya dnd ur^nli: 
nuC&r Kt:^tlhzL^£^^thdIn^lOnL;i-baaEtl 
fnirtili^tri UOnt! wdy thiitpH niiiy tlKrtaae 
ovtr timti. I^lgurt hdtmun^trate^ hovv' pH 
aiii:Cls tht surUCiLthiirgi. and htrnci^ the 
CECanJAtCufbuthLlLiypiirtii: Left and 
ursanii: raitBrr Tht elfti:ttjrpH un CEC li 
munr prunuLinctiil &jr suilui&mlt: matbir 
than lur l^iyer ill icatt^s, iKCau^t^ [iJLuf the 
C&C unuffijnk" matter t4 ikpendeni ijn 
pti-Nutt thai the neg&tLVKirhiirgtiijn the 
chy pdrtuile Ihal Hre nut on thu t^d^^ ufthe 
pkirtii.lL! 4irtj nut nfLitmJLjVd, 
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High CEC, Low AEC Low CEC^ High AEC 

Figure G-EffectofpHonCECandAECofclajf 
pariicles and soil organic matter. Not^ decreased pH 
causes CEC to decrease and AEC to increase (more 
positive charges). 



NinnsaNOBimiDP 

Thii pii^vitJLis KitHontlistiLiSia! IhfcL 
mobility' oltiiCh nutrient within the 
plant The kit of mobile and Immubile 
nuErlenls in buniewjtitcliflkrentin H>ll 
than In th^ plzint, j^etit very irapurtdnE In 
Undtrsbndingwhy hjme nutrients limit 
grijwlh more thantrthert. SreCifkallv- 
nulritinl mobility' affei^Is huww^ Ivrtill^. 
Furt^xample. ti lirrlLhl^riian bt bruadcait 
Ofincorpur^b-d wJthfiiirly iimLl^r rviuLli 
tvtjiu^^ II Is iji-ilti' mobile. HiM'^^trn P 
fdirttlizer li^neraJLy Lithcr bainkdor 

iippLlkJiLVrLlh thtj Sb!Ld beL:ilUSL! Ltii ^Lbf 

immob[|y In most toils, liable !i jlliistrat^s 
therelaivemubilLtyufedi^huf thu L4 
usitnllal mineral nuttienli. The lijrm 
ufeaizhnutntnl Li ^"eR'ampurtdnl in 
predlclingltl mubihlyi therefori^. th; 
a£:Lual lOn^ 3re ^ho^ n r^ilher tKui rust 
the fitneral nub"n^nt Kor example, plants 
iJiin Like up Njt either niliJti: (NU^ 1 
or jn^munlum \\4\i^ ], bui Nt>^ moveh 
freely throigh tlie Mil tlut: partly to Its 
ne^U vl: chdrge^ whereiiA NH^ Is htLld 
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by radon ejcchar^ Jllus amJ. Ihirrvfore, 
Is Itrii mubiUr. Ktiepin mInJ llul Ihii 
I^Li^mr^hA^Jliibltr.LjnJ thcQLlufil 
n:]AliW m1Jl}lJLtyufc4ll:hnlJt^ent^vLl! 

dtiptndun pH_ brmFtraturir. niLflsturt 
and mil truikirLip. InclLidin^thtr QtriuLinlijf 
urgsnit: rruiHtr laviir iilicattiri. and mtltdl 
h_MlruXjJi^i. KurtXampli;. sumi^ uf Iht 
immiiibLltr nulrttrnls hire mun: mubtle IhiLn 

AiagMt!^™ra1 fc^lEi.NH/,K*H 
Cli^. AikI M£ - .ire mum mubile Ih^ 

Zn^),FertLlizLjig With any Qdhfc! mobile 
EkraKnllgtntrilfyntEJs tube tloms nHjftr 
fre£[Lk:ntly thtkn tht; [mmubile lilemtLntl 
bt!C:iu^e Ihir mubiJi^ 4rJcmtnl( are rvajjty 
tijken Lip uf luu^h^i] izumpdrt^J lo tht 
ItntTiLibLlbj crlL^nurnEi. Wjththir i^XimpCkjnuf 
NVI^', which Li tpiithlycumtrttd tuNu^n 
Ihir jmrnubilL! nulriirnUcdn bt 'banktrd'. 
mtjiinir^ mun^ c:in be applit^d th^n nit^Ll 
Crupntruiis Ai l3 wfHy uf sIlitij^ Ihcm (ir 
thir ntri[cruppLngi:yi:le. 'StJtl btinkin^' ]& 



a[UTtii'rTt4JlOLiia'bu[ld' 
pn^gr^m {ieti NM Muiluli: 3^ 



Tabli^S>Moh!!ifyof 


natrii^iit^ iii \oil, 
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K' 
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To Punt Rdois 

RuuCs iziJtnt dlrti^tV ^^^ 
CuntflLlwilh i^jrrur nutrttnl^ 
(i^iilJtiJ 'nLTJt int^r^L^ptiun'i ^^ 
thtygtTM'l hDwi^wr, [his unJy 
cLCiiuunCi ftjfiappnjilmalT^ly 
l-^i5^>uftht [uCilN.P.and 
KupUkbiuEaplLLnCtPLplhiinJ 
Ellis, lyy?). Thireftjre. other 
mi^chiint^ms must c^ku^ the 
mtxtmtnluf nutntnCs luthtr 
planL 

\S^dlEK muvti b-T^^iird 
andintutbtrroMai 
Ihtr plintusetwJilEr, or 
liampirey 'H-uh prttiLSi, 
claUtjJ 'ruts FliM-'. ^[icOuntA 
for a subiE^ntt^l .imount of 
nutrient trio^'tnitrnl tLwanJ 
the plant ruLrt, u specially 
ftjr thi^ mubllt nutrients 
iUL-ha^NU^. SptLLfkallyn ^^ 

masft IkAv hiis btien ^nJ 
tu dCi^ijLint ^ 4ibuut SU'^u 
cjfN mowniL^ntlnlLJlhe ruLPtiyibrmufa 
plant, yet only 5"tj uf the mure immobjtt P 
(Fulhand Ellci. \W7\, Thii implwrs Ihal P 
land the othtr imi mubik nutrttnlif are 
hjmthu^^' nKhnng much mu^e quEcikly t>^in 
tht iurroundingwatiir n muyinglo^'Jirdi 
the pidnt ri»tL II Ki-i btien Ibuntt th^E 
■Jifruslon' di:x;ounth for the rtraaindiJrof 
tht nutrient mowmi^nt 

DirfuiLunutht! prtxiets whert 
tlh^^mitdli muvii from andrtaof 
liigli iiuniiEnb'Jibon tu an ansa of low 
contlentrdtjun. Poriikiiimple, If you open 
a buttk ofarruwinlji ]na clo^J room, 
j-uu can suun imell H Hi the other iUJe 
uftht^ nijm hecau^t ithai Jiffusudfpjm 
the nioulh uE thL buttlL! th^t kidhj^h 
dmnnjnjai!oni!t^nlTtit]ijni. li>lheiin:dS i_rf 
the ruum Ihal previuuily h^d m.^ ammonia, 
ur vttT luwconctinlrtiliuni. Thjs iamLi 
prui;t!ssuLL:uia In suilw^t^r. althuugh 



ik&AH 



Haw do rbt 
rt^lativety imiAllt 
nvtrienti ever 
make il lo flie plant 
rooti? 

Tbif pldJiLscfi^jlL ^lont 
duurdy n\L%l lu tlh: njut IhaL 
hii^n:ry IchxV Lloriiie n ErciLlr^rH 
uf \h\A^ jDcnubJ^ nulfii^nl^ 
llll^dlDynJiflUifiun Lu^jurur 
whikih pulb JiulfibintFUwiL^n,^ 
lilrthLr iiv^uy in ■[□ Lht ruot 
tu^Arc^tlh: riiut I^h: r[te J 
miin^ th^luw^ Tb[£, jd tum, 
puLts niurt uf [liL!» jmm^jl^itij 
r]utnLC]i^i>iT \h\L Hill ^UF&ci^ 

tij ULuiltdidl li kilmilKv 

hjLvn![^ r^uljiEnl^in^lutlui^ 

aulI Jiub-ii^nLsLHa tbt^urtifi: 
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it ge ntr^lly occurs much ilow*:rB>' 
ftirtiLlxir^ nuif ttib! pLdntruut, thu pL^nl ii 
]t!S9i JgptndtjntunifXirhiingtr pn-Ciri^^iinil 
Jlffusidntu Liplakb! nutrlb^nt^. t&fULiaJly 
P. Tit niilTiiinti lint art molt ikp^nJunt 
un illffuiJun luniLJw tht^tn [mvanli plint 
nxitdre rtlatLVEly immobLlt: (l^bltr 5). have 
relatLvtly low holLitiumJuQtltnlraEiijna, 
ant! ^tltttrt retdi^d In fjr^ anitiLintt by 
the pl^t, KLKh ^i P ^nd K. ThL teL^unJaiy 
miitiKOnutnents iCa Hg, Sfofffintlc no( 
Ji; rend on JjfhjMun ttlCaukL tht]r iotuticni 
clunCfcinti'jtiQru jrt fJirly high in hcwl 
rt^latLvt: Eo pljntn:quEnLrHDLi. 



Sommary 

Plants ntjiij IT ^knwnl^. c^ilLtd 
nLitrjtinti, lugn>viinili.uniply& Ihiilr 
lifu \ly:W. Thrtt uf thiic nLitritintiircjmt^ 
fnlun aiK tjrwatur. whi^rEaithtr Othi^r 14 
dJT dyfi\td frtjm tlie Sml. Efiitlhuf tht: 
nLibiElnth TKrlbrmld ipttifit: funtltion 
ortunLbuns within thtr pidnt, dndtht! 
amount of Each nttdtrd bv'Cht: pljnt 
J^isind?! largtilyun furpCliun. Abmit-iti'^jn 
ofunt nutrient Can prevent the uptikt: of 
olhiirs, and ultlnuiltly, impact Crupyrtld 
and ^Uii1it\'. Plant uplakt: ofnub']t:nth 
]?i dtnenduntun btrth tht: iibiUh' of tht! 
ruut system toiibi^jrb nutninta and thi: 
nLitritintCun^cnCrJitLun [n iO|l kjlutLun. 
Nutritntiiiz^^tirnulalHjnv^LthLn ihi 



plLinELigtrneriilly lt9Sttr1hanbiijniAS» 
^iiumuLiil^un, which is untr rvaaun Ihal 

|vrtLh^ingi:ady in Ihegruh^^lng atiii^rvi^ 
^vanCigL!uu&. 

Soils haveliirgt^ nLi^nbtk-sufniLJit 
nuIritnCs, jvl Iht majunC^'uf Ihtrtt 
nuEi'Jijnts are nut in the !^l solution, 
bul ini^Uiad arE bCiunJ 1u the ^lI Sun>t 
cf thbist: nulnt^nliare^^mlablL: to ptjnli 
t^iciujt they art only ^-eakly buund 
asEXChangtahlt nirtndnls Tht: cation 
tJithange CjpisCLty ICEC) is ^►nt raEaiurt of 
tht tLM'dldn^Oijnto(t^)LChiingiiabk Cations 
that can bt held ti>" thtr soil, and ©intrJilly 
Is a i^ochil^neral indicator of ^1 fertility 
CEl^ IS higlier In ^[h with hj£h amounts 
ufclay LinJor^nLc n^attirr and li lifh^'i^r 
in acid hJili, ^| pH lh\jnglyalYcLti th^ 
plant av-ailabliltyoftiach of the nutncnti, 
with ptl ItvtJs mar? gyntrdlly having 
upt]niLini availability. 

Nutricnti vary grtatl^ jnlhclritJallvv 
niubjlit>'wLthLna ^Ll. Por trxamplt, nitr^tt! 
(NU^ > Ji highly mubi It, jvl phusphiatt! 
(HPO^MI/U^ I LinslatJwJyimmLjbllc. 
Theiirdilfi:rvnLt!i an^ key to de^vJoptr^ 
tirii:cti\'e nutrhtrnlmana^n>enL program^. 
and EiXplaln why apptying Eramutailtf 
nuErJenCs Much ai P near thiL njut lyitem if 
im[>urlantl^jruptjniuni nuti lent uplatalL 
Subsequent m^ultis will addtiiKheach 
hpecific nutntint In raorii dt^lailrWEth 
dmpha^s c^ ^lors affecbrgmubdilyr 
uptaki;. and ^rbll^^F reiiuinrn^tsntb. 
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Rrfmncei 



PnjptfliLSijf biihl^ LiLhbiJhtijn. 
Mif mJlLin J^Liblnh]it£ Cur^fsiny, H]^ 
Yurt 731* iL 

L^TtllJly-^jxlliJ L'Kt^l-icJt-EluLii 

HitftLilj.. LL^ Nj&^uf. f^r J<]hnA}a, 
ana ill .^UnLh 1HHH^ MAlcrjiCmi 
LifiU Suvbtiifi F rmJi^ljun. MCSP 
l^ubliColHiftih, t^honipuiirJi, tL J^p 

UvhtLF, £] L J JiLul^^n 1^ itruL}[iKr, 

CBpIurli^ \hL g\LZ\'i.ix iifuElIji 

RM:LNunilKr:^.Jiily:^L:4A^ MimLuu 
ht^lii llnrvTTMU' 1^:4 tc mr in ^LR'K^i: aniJ 
i^riL^I LlitliI ^^ fi nrm^fil htjLun 

MjriLhriLr, H.1W5 SliiKriiT Nuliiljin 
hcA LjDdLtfL »1U p. 



Reioartes 

Bhh 

UtstiTnFertllEurHanjIW^ ^th 

Liljtjuri JiA^J ^iJ J m|Hm^■^Q1L nJ 
(^^mnunHJ (^iJirbriiuL^TUIi^tr 

Wf^lLJLJl■^ Intir^UJi: PuhFi^biv 
_iril ji -i htlp Lii[lH H ^^: ^ajrri' 
w:^[LTnfLr L^l I Jriiib-Efip j St j^ lpl tu Jing 
shLppinj!- 

PbDtNkftritkEi^biuol J Ui^Dl^}oJ{ifK^ 
Jr lEJl^b C|S^ l^rtm EkiCu l^iilr^, 
Pluniiij- 1^ |i ApprihlcrTultkyKr:] 

Pn;^ E^ih;i1 K^jn t^lLoiilu J^O p. 

An [ntrcdiictk] D b Pfutrbnt 
MBiiBg£iiEnL JJiih^JinJ L, S.L T^ab, 
J_U Lk-Jtjn jnJ U'l NtbjiL Tlh 
nitl^ri.'-^LVij^ l^af».in Pi^tiIh:!^ I IJ] 
LlpjirriaJilk Kmi^ Nn^ ini--y. S15 ii 



P^TtWiZci UulJL:L^nc^^o^^tJ^EallaCTO|A 
rbJU4ilKv]i^lLLXjp^ LsEnx. 

Onlint lit; hUo^^yvAh munLmj.tJLi^ 
wwwnh pubslLbltiJ himl 

Ur, uliliiin Liu iitiAt h^liLnuim 

]?L]|}lLL4itlon iiiiJJSl fi>f !s}iipp[njl h 'n^m 

PU-Biitl7JLLB> 
HtMnfiin.M'l"=B7i7-:Ja*o 

MitfiLinj^iUk L'lu^1:nLLy^ tJ^[^L FTun. 

^^ ^ Fn 1 rungk .VntultuFul 
pL-^iULh i. c nlLF i. I'm iMl i-V^)^7|(- 
7^J7 gji^h^if^ mLiEil^uu-LJu 

JdD^.^rhln L^LFii^jn^Ll I^FiJllty 
iJLEfi^fniii^ (4lki^||L|^-tnri;7rj 

UtikQtt.Mol ^\^.-^l£rn-\t^rK:ulLuriil 

I^L.'f uELTI Ul FIIlF, Ul pf i-kjllu^ J'h44\iL 

(*ll3l9Sl-JtG5 WK^tuUCi-'nKJntoitL 



MijnLimi ^Lilt l-ru^'^raiL^ Fubtloitujr^ 
LinJLFinjI 1 nli irrrutjun I in LVtcitJii tfi 
rriiiLrcLiti iihludin^ inh^niTubun <in 
l^rtJlfAtr LuidLLiiv>(tiULtJU 

U judtLr Ltfi mnQL ■/ islu^^ inLluding 
Furlili^T rriiUui^L mL n^ Cum^ntl^' 
UiLFLiin^LlJ njti:? ija I^^f^Il^ r 

Mjini^tiFL nt, liixT r-^vr jm .^^Tununr^' 

Noba IliUJ lUi^^Lrin^ f]iA life 

L| Hl'sIm iOTi Ff I wn fi I "4 ^TuLtn iJttenl^in 



tlFvJlii^a iiFkJ FU^umnw: nddluFis 
tw^l uFi (k U iv^ Jiv h c:<if^iiL ItjJ In 
HLtfi[£knjb) ^Vjatiiiu bLiL: LArj4:r^^ 
ptF3jnntl 

http ' ihT^^v Ji{F^Lik PL -in^tiLF'fa Jl^'rlJ^ 

A n&x LunLuk: MiFrui^uy uEcKb uJ Uic 

C^jLinj UtpiirlmL nt uE A;^ FiLdtum 

hitn '^^v'^' LJij I ihei l-^lJtl: -LiU u^ -Jjtiiulm^^ 
b^7JrlL:rliJLhtFiil 

I riluFFTutiun uri lUnmutnu n Lis linJ 
ml^FUFiutm^fity 3 lis jiliinL lUUJ^'^iiB lIaJ 
!iJ^I tcsljFttj JFili^mubim, ^uunzi: , Uhuj 



SSt Wl^l4U Irkt bi:>;UpvJ f hit 
ijtn\tLa[ipLTi^lab:inti^(fhk! TuJliJU-lFi^ 

WLUFIE^^F Fllvmr'^r^ Wiy> pTTA'rdciJ 

Lhi^lr Ejitm: otui iniAKL 1n imknip 
Lhi'- J ixttcF diAUjncnL 

i<\ in ^itffatiuFii, t^l:it£n ^LiuQ^ 

HSU.Hii^L-LTifln.M; 
Ji^Q'F'iiFEftll, HcjiCfiiI JnL^ BiuJ^, MT 

Utd KchFfcr^r, ^p^^i^ffi Ag 

CorvHillir^ Ui|l|i«s. MT 

UninlJsLkH^n 1^V^k'T1l JfuUi^Lc 
j^riLul LtiTiil hL^t^ h ^h^Ec F, 
LJr^nHd. Ml' 

l^nl ^V]lLlLiiTtT.CiElLrU4iLiiity 
l^ll>EtBJnODlL£. NtJLuCdL>>.MT 

^itii I^tjF MJjIj C4jaiiniiiiH;;itjLin^ 
^TVDs:^ ISL^Tiun, LiJ^tuL onU 
LlaF'^n. 



TC:mil«^ - EQoTLJ J^tn^:Ti ud [oilFerfi&Iy 
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iH Bcoj r^QE ti B u IB o1 m AKum »1 tor nofi-pcofl Hftjcfllcfi zy pvrpoie^ ~ni It dxim Bfil m nytw i^hlEd 11 lo efidict^aal ol a oam Bf cJz^ prad- 
ucl te^c« {]r on p?n ^ \ s '^rtECI sr ImpI ?n ai [f 11 Dpix sp'l^ cf ^1 K g ^«^ 1c ^e du Tio? ?nd ti b r£U E^r^tlcn ^^^ic^ lb »? tiei? di»j m^nlt 
In eleotcfi 1= in'm ^s p^r^Ktlcfi m.tlbB^sughl tsm ti e ^ -^lEiEn Mo' Co'' m un li^rlcfi i CEHrAab^ Com m^nlc^lsn s Senicn, 41 & Cu JnEf HoiHd, 
rulHibiAeta1eiJilijmlV9azEfnzvi.BDZ«a. Mr?9717: |4H)9U-272n E-m4il - puUkalcflt Vm CfltVI &e(U 



lii 



.^^ 






CXTQ S h»J ESKCL 



THE prc^wi^ a1 He r^U ExtEnilcft 5aiic« we AUBlflUe b d pecf}{B rEgardHi a1 rAC^ aEE<L cdcc, ib:^ dizUll^cff nAlcad cfl^ 
KtuEd h U rft»ac« Ql scoiHf ^w lAHla wA k iglQjfftjrB pnd h cfTiE escn cm [^t aM: ci1 ^y B [Vid Jun b 311^ 1? 4 Inoiqu^n- 
Icfi uiti He US. D^zvHi Efi 1 Ql i^gbtfer*. DDU0H Eketo, \4ce Prouirf^ ud CvKliir, EidEfiilu SEf itae, MnnlwiA SuIe iJili.«il1v 
BaiBfnm.NTT W71T_ 



